SUMMARY The output of 11 established ileostomies was compared with ileal flow measured by intestinal perfusion in five normal volunteers when fasting and during the ileal passage of test meals containing different proportions of medium chain triglyceride and long chain triglyceride. Oroileal transit of the meal was the same in the two groups, but ileostomy output was less than ileal flow of normal persons both fasting (16-3±10-9 vs 62-4±24-7 ml/h, p<0001) and after the longchain triglyceride rich meal (35.4±27.0 vs 96-1±20-2 ml/h, p<0001). After ingestion of the medium chain triglyceride rich meal, ileal flow failed to increase in normal subjects but in ileostomates the changes in flow after medium chain triglyceride and long chain triglyceride rich meals were not significantly different. The fasting ileostomy effluent composition differed from that of normal fasting ileal content in having a higher concentration of potassium (8-0±2-9 vs 4-7±0-6 mmolIl, p<004) and a higher osmolality (353±63 vs 287±5 mosm/kg, p<0 05). Sodium concentration tended to be lower in ileostomy effluent, but in contrast to previous reports, ileostomy effluent was of consistently alkaline pH (7.2±0.3). These concentrations were not significantly altered by either type of meal. The long chain triglyceride rich meal increased the ileal flow of bile acids in both normal subjects and ileostomates, whereas the medium chain triglyceride rich meal increased bile acid flow in ileostomates but not in normal subjects, possibly reflecting a different amount of the bile acids in the ileum of the ileostomate. In the adapted ileostomate, the low volume and high potassium concentration of fasting effluent suggest that sodium and water absorption are continuously stimulated by chronic salt depletion.
reduce ileal flow by increasing the mucosal contact time and absorption of water and salt.
Current ideas of ileostomy function are based mainly on pooled 24 hour collections of the ileostomy effluent which may obscure differences in postprandial ileal flow caused by changes in intestinal motility, and absorption, although the more continuously acting response to chronic salt depletion9 1( would still be evident. Furthermore, there are problems of analysis of pooled ileostomy effluent which may continue to ferment in the bag or container, generating short chain fatty acids or other bacterial metabolites giving potentially inaccurate estimates of such parameters as pH and osmolality. We have, therefore, made a direct comparison of freshly sampled ileostomy output and flow in the intact ileum under fasting conditions and in response to the stimulus of two liquid meals, which we have shown to produce marked differences in ileal flow, gall bladder contraction and bile acid input into the colon. 11 906
Methods

SUBJECTS
Five healthy normal subjects (age range 22-54 years, four men and one woman) and 11 ileostomates (age range 18-65 years, five men and six women), who had a colectomy for ulcerative colitis 2-12 years previously were studied. All were taking a normal diet and were not on any medication. The ileostomates had not had any ileum resected or any other abdominal surgery.
All subjects gave their consent after an oral and written explanation of the study which was approved by the Ethical Committee of Guy's Hospital and the Ileostomy Association of Great Britain. Subjects were admitted to hospital for the two to three days of the study. On each day the subjects had fasted from midnight. On the first day the normal subjects and two of the ileostomates swallowed a weighted radio-opaque multilumen tube which was then allowed to pass down the intestine whilst they took normal meals. The progress of the tube was checked at intervals by fluoroscopy until the mercury bag was seen in the caecum. The aspiration point was located 15 cm cephalad to the bag and thereby positioned in the terminal ileum at the beginning of the perfusion on the second day. Fluoroscopy was repeated after the first perfusion and before and after the second perfusion to ensure that the bag had not moved. In the two ileostomates the aspiration port was situated at 240 and 275 cm from the incisors. Through the second lumen which opened at 25 cm proximal to the ileal aspiration site, a plasma like solution (Na 135, K 5, Cl 105, HCO3 35 mmol/l, osmolality 280 mosm/kg) containing "_C-polyethylene glycol (PEG) 10 ,uCi/l and PEG (4000d) 2 g/l was perfused at 0-3 m/min with a peristaltic pump (model 1203A, Harvard Instruments, South Natick, Ma, USA).
The distal ileal lumen was continuously aspirated by a syringe pump (Perfusor Mk IV, Braun AG, Melsungen) set at 0*3 ml/min, discarding the samples from the first hour of the perfusion and thereafter collecting the aspirates in half hour aliquots. The position of the tube was confirmed fluoroscopically at the end of the study.
The ileostomates were not intubated but 30 minute collections of the ileostomy effluent were made over the five hour study period during which all subjects lay semisupine.
The perfusion of normal subjects was allowed to equilibrate for 60 minutes. All subjects then underwent a 60 minute collection period before ingesting one 
Results
The head of the medium chain triglyceride and the long chain triglyceride rich meals appeared at the ileostomy at an interval after ingestion similar to that observed at the ileum of normal subjects. (See Table 1 ). Both fasting and postprandial flow rates from ileostomies were less than the ileal flow rates observed in normal subjects (F3.28=11-7, p<0-001 and F3.28=9*51, p<0.001 respectively, Table 1 ).
There was a significant increase in ileal flow (p<001, Fig. la ) in normal subjects and in ileostomy flow after the long chain triglyceride rich meal (p<003, Fig. lb) . The effects of long chain triglyceride and medium chain triglyceride rich meals on the average increase in ileal flow were different in the normal subjects, the long chain triglyceride rich meal inducing a significantly greater increase in ileal flow than that induced by the medium chain triglyceride rich meal (40.9±19 vs 1-8±8-7 ml/l respectively, t=3-08, v=4, p<0-02) but the effect of the two meals on ileostomy output was the same (19-1±26-4 vs 14-2±28-1 ml/h respectively. t=1-28, v= 10, p=0 1). Perfusion studies were carried out on only two ileostomates. They both took a long chain triglyceride rich meal and refused a second study. The volume of effluent and ileal flow estimated by ileal perfusion (Table 2) show a close correlation (r=0.81, p<0-001).
The concentrations of sodium in ileostomy effluent were more variable than those of ileal aspirates but the means were not significantly different. Potassium concentration (Fig. 2) , however, was significantly higher in ileostomy both fasting and postprandially than in the corresponding ileal aspirate.
Because of the differences in volume flow the total ileal output of sodium (Table 1) was greater in the normal subjects than in ileostomates both in the fasting state (p<0O001) and postprandially (p<0-001). The higher potassium concentration and lower flow in ileostomates, however, resulted in no significant difference between the postprandial potassium outputs of the two groups (p=0O1). (Fig. 3) were significantly higher in the ileostomates compared with the normal subjects after either the long chain triglyceride and medium chain triglyceride rich meals (p<O.05 to p<0001).
The pH of the ileostomy effluent was no different (p<O*1) from that observed in the normal ileum either fasting or postprandially after either type of meal.
The bile acid concentrations in the fasting ileostomy effluent were not significantly higher than in the normal ileal aspirate but rose significantly at one hour after both the long chain triglyceride rich meal Ladas, Isaacs, Murphy, and Sladen medium chain triglyceride rich meals in normal subjects, ileal bile acid concentrations were unchanged (1.2±0-6 to 6-7±11*7 mmol/l, t=0-93, v=4, p=0-2 and (1-6±1-3 to 0-5±0-3 mmol/l, t=0-95, v=4, p=0.2 respectively). The ileal bile acid output (Table 1) was significantly increased in the postprandial period compared with the fasting period only following ingestion of the long chain triglyceride rich meal. In contrast with this in the ileostomates, the mean postprandial bile acid output was increased slightly above the fasting output by both types of meal stimulus (p<O0O5).
Discussion
Although it is generally thought that the total daily flow through the ileum is more than the amount discharged by a chronically established ileostomy,16 the present study is the first to compare freshly passed ileostomy effluent with normal flow under fasting conditions and in response to liquid test meals.
In the fasting state, we found the normal ileal flow to be about 60 ml/h. Although the presence of an intestinal tube will delay gastric emptying and speed intestinal transit,17 the effects of intestinal intubation on fasting ileal flow are not known. Although it would have been desirable to carry out perfusion studies on all the ileostomates, we were able to do this on only two such subjects and found that the calculated flow rates were closely correlated to those obtained by collection of effluent.
The ionic composition of the ileostomy effluent differs from that of normal ileal fluid in having significantly greater concentration of potassium.
Increased ileal fluid potassium concentration is seen in response to circulating mineralocorticoids18 and although the ileostomates studied were apparently healthy, a state of chronic sodium depletion exists in many. of these individuals6 7 9 and increased circulating salt retaining mineralocorticoids may be responsible for the reduction of luminal flow by increased ileal sodium absorption. This stimulation of electrogenic sodium absorption increases transmucosal potential difference, which therebv enhances plasma to lumen diffusion of potassium.'9 Despite presumably maximal ileal conservation of sodium, the well adapted fasting ileostomate must still lose sodium at the rate of 1 mmol/h when fasting and about 3 or 4 mmol/h in the postprandial period. This would lead to an obligatory loss of 24 mmol of sodium per day from an ileostomy even whilst fasting absolutely and at least double this amount if three meals were to be consumed within a 24 hour period. Although the concentration of sodium in the ileostomy effluent was not significantly different from that in normal ileal fluid, the osmolality was consistently higher in ileostomy effluent, probabl y because of the presence of a greater bacterial flora in the established ileostomy which would generate metabolites such as short chain fatty acids. Although the osmolality of ileostomy effluent was higher than that of normal ileal fluid, the pH was, however, very similar. Because the osmolality and pH measurements were made immediately on freshly collected specimens from short collection periods an artificially low pH due to prolonged bacterial fermentation was obviated. Indeed, 24 hour pooled collections of ileostomy effluent have a relatively low pH. 21 The transit time of the head of the liquid meal was similar in ileostomates and normal subjects although transit of solid meals might have been a more discriminatory test. Evidence has been produced that nutrients especially fat in the ileum may inhibit jejunal motility22 and delay small bowel transit,23 but whether this occurs with both medium chain triglyceride and long chain triglyceride rich meals cannot be stated without measurement of mean transit time accurately by an alternative method. It is difficult, however, to apply to ileostomates the best methodology used in measuring intact small bowel transit. Breath hydrogen profiles after meals would not be comparable because in normal subjects they indicate mouth to caecum transit time while in ileostomates a rise in breath hydrogen would indicate contact of the substrate with the ileal flora.
Although in these studies the transit of the long chain triglyceride rich meals and medium chain triglyceride rich meals were similar, there were differences in ileal flow and bile acid output. The medium chain triglyceride rich meal did not increase ileal flow rate in normal subjects, whereas the long chain triglyceride rich meal did. In the ileostomates, changes in ileal flow after meals were more variable and there was no difference in the effect of medium chain triglyceride and long chain triglyceride rich meals. Similar effects on bile acid output were observed. Long chain triglyceride and medium chain triglyceride rich meals increased bile acid output in ileostomy effluent whereas only the long chain triglyceride rich meal increased bile acid flow from ileum to colon in normal subjects. It has been observed by others that the ileal excretion of bile acids correlates well with ileal flow in normal subjects and ileostomates and that bile acid feeding increases ileostomy flow.24 The different effects of the meals in the ileostomates compared with the normal subjects in the present study are intriguing. We have shown, in normal subjects, that medium chain triglyceride rich meals do not stimulate bile acid flow into the jejunum whereas long chain triglyceride rich meals do.10 This has not been studied in ileostomates but if it may be assumed that the gall bladder of the ileostomate responds in the normal way, then our observation that medium chain triglyceride rich meals increase ileostomy bile acid output suggests that in comparison with normal subjects, in the fasting ileostomate a greater proportion of the bile acid pool resides in the ileal lumen.
Although gross adaptations of small bowel function in the ileostomate have long been recognised,24 25 further examination of gut function of ileostomates under fasting conditions and in response to different meal stimuli may help differentiate the mechanisms underlying these adaptive responses. 
